Molecular pathological analysis has an expanding role in patient diagnosis and management. The performance of these techniques relies on excellent laboratory procedures. However, the crucial step is obtaining the best samples for molecular analysis. Archiving and selection of these are the responsibilities of all pathologists even if they are not working at a center with molecular pathological facilities.
INTRODUCTION
"Molecular Pathology" is one of the pathological methods with expanding role in patient diagnosis, prediction of prognosis and treatment. Tissue and cellular material from patients have always been valued in pathology laboratories; however they gain additional importance in the molecular pathology era with the increase in new disease classifications according to molecular changes and new targeted therapy options being determined with predictive molecular testing.
While the value of diseased and normal tissue is expanding with the advances in immunohistochemistry and molecular pathology, minimally invasive techniques have taken the place of radical processes in tissue sampling along with developments in the technology. These techniques are better for the comfort of the patient but they also have disadvantages, as they provide smaller amounts of tissue for diagnosis. The management of tissues obtained with these techniques can be problematic for pathologists. The application of individualized treatment regimens developed in recent years has depended on molecular studies. The adequacy of the obtained material and its reliability for molecular investigation are of utmost importance in many cases.
The diagnosis of lung carcinomas is usually made with small biopsies or cytological materials and these materials are generally the only options for further studies. Transthoracic, transbronchial fine needle aspirations, forceps biopsies, bronchial brushes, and washes are some of these materials (1) . A molecular examination requires the best process and good sample quality. The most important factor for the success of molecular tests is the number of tumor cells and the percentage of mutant cells (2) . The requirements for tumor cell number and mutation percentage differ from method to method but there are minimum requirements and increasing number and percentage correlates with the success of molecular testing as a general rule. The pathologist's view in the past that the primary purpose is tissue diagnosis has changed today to tissue protection as well as tissue diagnosis (3) . Errors in tissue management lead to insufficient tissue in addition to the disappointment of the patient and undesirable consequences such as the repetition of invasive procedures and the delay of treatment.
The primary task in the intensive molecular testing process is to prevent tissue wastage. After this step, it is important for the pathologist to select the most appropriate specimen for the procedure, to treat the tissue in such a way as to As we mentioned before, a molecular test requires the best process and good sample quality. The use of small biopsies and cytological materials, especially in lung carcinomas, has increased significantly with the development of minimally invasive diagnostic techniques and these materials can sometimes be the sole source for molecular studies. The primary objective is to treat the material obtained with the best technique and preserve the highest quality genetic material. The mutation may be negative if there is no mutation in the tumor cells corresponding to the biopsy specimen or if the tumor cells are inadequate for analysis (6) . Non-tumoral cells (epithelial, stromal, inflammatory cells) often dilute the tumor cell ratio, reduce the success rate and sensitivity of molecular assays, and cause false negative results (7) . Sensitive methods are indispensable for the success of tumor proportion, albeit with increased sensitivity (8) .
There are research articles about the adequacy of materials for molecular analysis. In the study performed by Scarpino and colleagues, the minimum adequate tumor cell number was found to be 140±34 tumor cells and the minimum tumor area was 0.12 mm 2 in a series of lung adenocarcinoma sections and using these values, 11/12 cases were found to be sufficient for mutation analysis. In the same study, the minimum tumor percentage for Sanger sequencing was 20-30% (6).
One of the reasons for inconsistent results in molecular pathologic analysis may be the mutant allele ratio. In the study performed by Dijkstra et al. (2) , 10 case sets with information about the mutant allele ratio (2.5, 5, 10 and 15%) were prepared from artificial tissue blocks, from cell lines known to be of the mutant and wild-type, and paraffin blocks. These sets were worked on different platforms; Amplification Refractory Mutation System or AlleleSpecific PCR (ARMS-PCR), High-Resolution Melting (HRM), Sanger, and Pyrosequencing. In all applications, false negative results increased with a decreased mutant allele ratio (2) .
WHICH MATERIAL IS MORE SUITABLE?
Although the most appropriate source for molecular studies is fresh tissue, in theory, FFPE tissues are used as the source in most molecular examinations today (9) . Fresh tissues are not always available. The use of FFPE tissues obtain maximum yield and, if necessary, to increase the proportion of tumor cells (4).
Molecular pathological methods are used in patient diagnosis, determining the prognosis, and predicting the response to treatment. Some of the Pathology departments still do not have any molecular pathological facilities. However, the tissues and cytological samples evaluated in these Pathology laboratories are also prone to undergoing molecular diagnostic procedures at other Pathology laboratories. Even if a pathologist is not providing a molecular pathological diagnosis at present, he/she has to be aware of preanalytical and analytical features that may affect the molecular diagnosis.
In this review, the decision for molecular diagnostic tests, the clues for best practices for patient referral to external molecular laboratories possessing molecular facilities, tissue processing for optimum molecular diagnosis, methods for increasing the adequacy of small biopsies and cytological materials, the approach to material selection for molecular diagnosis in patients with multiple types of materials, methods for increasing tumor cells in the material selected for molecular pathological methods, and the multiple factors affecting the final molecular pathological diagnosis are discussed.
KEY TO SUCCESS IN MOLECULAR PROCESSES: COMMUNICATION
The most effective and easily correctable factor influencing the success of molecular processing is correct communication. An effective communication process between the clinician, the person transferring the tissue, and the pathology laboratory staff directly affects the success of molecular processes. The inadequacy of this communication can cause lack of information about molecular processing priority, procedure (exposure to formaldehyde for long periods in Friday biopsies or preholiday biopsies), material type, transport conditions, and purpose of the process (3). The clinician who performs the request should communicate with the pathologist regarding the order of priority in the order of preference, and if more than one patient's material is available, which one is appropriate for the procedure. The preliminary material in the archive may be more appropriate for molecular review than the last one in some patients. The pathology laboratory should especially be warned if a gene related to a newly developed resistance is to be studied from the last sent sample (5) . The lack of communication may occur within the same institution or between institutions or laboratories, which might be a more frequent problem (3).
(either small biopsy or resection material) in molecular examinations have some advantages; generally sufficient DNA can be obtained, most of the processing stages are standardized, the original primary tumor slide can be stored, immunohistochemistry and in situ hybridization can be performed, the tumor microenvironment can be monitored, and tumor heterogeneity can be observed easily. The disadvantages include semi-invasive or invasive techniques, low repeatability, the effect of formalin on the DNA, and obtaining biopsies from one region in general (primary or metastatic tumor) (10, 11) .
In recent years, there have been many studies showing that cytological materials are suitable for molecular pathological analysis. Cytological materials that were obtained with easily reproducible and comfortable methods constitute a valuable resource for diagnosis and treatment studies in routine pathological process. Studies have shown that cytological specimens used in molecular studies show up to 100% compatibility with histological specimens (12) . Especially in the majority of non-small cell lung carcinomas, the diagnosis is provided with cytological material and small biopsies. However, the fact that pathologists have information about which cytological specimens and biopsy techniques are more suitable for molecular examinations will increase the success of the procedure. Cytological specimens are examined in two parts, aspiration specimens, and exfoliative specimens. Both have their own advantages and disadvantages (13) . Other examples are washing and brushing samples and effusion fluids (1, (14) (15) (16) (17) (18) (19) (20) (21) .
FNA (fine needle aspiration) samples have the advantages of targeting a specific lesion and minimally invasive processing. Numerous studies have shown that molecular processes are successful on FNA samples (13, 22) . The samples taken with EUS FNA and EBUS-TBNA in nonsmall cell lung carcinomas were shown to be highly sensitive in EGFR, KRAS mutation and EML-ALK4 translocation assays (23) (24) (25) . It has been reported that the fluids obtained by these methods are compatible with the histological specimens taken from the same patient (26, 27) .
Nowadays, molecular studies from aspirations have been successfully applied to the thyroid, lung, pancreas, and gastrointestinal tract lesions (28-34). The smear preparation and cell block prepared from the FNA samples are also suitable sources for the FISH method (35-38). However, there are limiting conditions, including the presence of sufficient number of cells when FISH studies are generally considered positive or negative (39-41).
Due to the loss of cohesion in tumor cells, the fluids obtained with FNA are rich in tumor cells and poor in stromal cells, which is ideal for molecular pathological analysis. FNA samples are used in tissue diagnosis by smearing on a slide or preparing a cell block (26) .
The cell block is preferred for DNA extraction. Recent studies have shown that DNA can be extracted by scraping a cytological slide with a performance compatible with a cell block (9) . It is even stated that the smears are more successful than cell blocks in terms of tumor cell number and tumor cellularity in some studies. However, cell blocks are preferred by most centers. This is because when the cell block is processed, the section of the original diagnosis can be stored. The cell ratio can be calculated more conveniently and additional studies can be performed (1, 42) .
It has been shown that after aspiration with a fine needle, enough genetic material can be obtained even from the fluid obtained by washing the needle. The genetic material thus obtained was compared with the genetic material obtained by scraping, and the success in molecular processing was found to be similar (43) .
Exfoliative samples were also good sources for molecular studies (44) . For high-risk HPV analysis, exfoliated samples are used and these samples are appropriate sources for FISH, PCR and sequencing techniques. Detection of chromosome 3, 7, 9 and 17 anomalies in urine samples with the FISH technique are valuable for tumor patients for follow-up and diagnosis and increase the possibility of bladder cancer detection compared to cytology alone (45) (46) (47) .
Washing and brushing samples exemplify a wide area. Although they appear advantageous, these samples contain a large number of non-tumoral cells, which is disadvantageous for molecular examinations. These samples have been successfully used for lung carcinoma, FISH and other molecular studies (48, 49) .
Effusion liquids are samples that also contain many cells. However, it is controversial to use them in molecular examinations, as they usually include many nontumor reactive cells. Despite these limitations, there are publications on their successful use in EGFR mutation analysis (50) (51) (52) . FISH is also used to distinguish malignant mesothelioma and adenocarcinoma from reactive processes or metastatic tumors in effusion fluids (53) (54) (55) (56) (57) .
A liquid biopsy may be an option when a biopsy or cytology is not available. Blood is the most frequent liquid biopsy material and it may be used for monitoring the new mutations during the progression of cancer when managing the patient. The agreement between liquid biopsy specimens and tumor tissue samples in molecular studies ranges from 33to 88% (58) (59) (60) . A liquid biopsy is an analysis of circulating tumor cells (CTCs) and cell-free circulating nucleic acids released to the peripheral blood by the primary tumor or metastatic deposits (61) (62) (63) . The patient's plasma or serum may contain free nucleic acids, complex nucleic acids (within the nucleosome), or nucleic acids in the circulating vesicles (in the exosomes). The ctDNA (circulating tumor DNA) fragments originate from apoptotic and necrotic tumor cells that secrete their DNA into the bloodstream (64).
Various methods have been developed for CTC analysis (65) (66) (67) (68) . Most of the CTC analysis is based on epithelial markers and CTCs with epithelial-mesenchymal transition may be missed (69) .
In the literature, it has been reported that tyrosine kinase inhibitor resistance (70) and EGFR activating mutations have been successfully studied with cells obtained by liquid biopsy (71) . It has also been reported that liquid biopsies can be used for KRAS mutation analysis in colon cancer and BRAF mutation analysis in melanoma (72, 73) .
Advantages compared to tissue biopsy are easy application, noninvasiveness, reproducibility, fast results, genetic material from many regions at the same time in cases with metastasis, and the possibility of detecting intratumoral heterogeneity. Disadvantages are the need for numerous analytical studies, the non-tumoral cell DNA being indistinguishable from the tumor cell DNA, and the free circulation being always small (74) .
EFFECT OF LABORATORY PROCESSES ON THE SUCCESS OF MOLECULAR TESTING
Laboratory procedures applied on the materials also affect the amount and quality of the nucleic acid obtained and the success of the molecular process. These procedures include fixation, preparation (liquid-based cytology, cell block, etc.), staining, mounting medium and de-calcification. The use of decalcification or heavy metal-containing fixatives makes molecular studies difficult or even impossible with the best discourse, either by nucleic acid damage or by inhibiting enzymatic reactions (15, 75) . Most molecular laboratories do not accept tissue samples exposed to such processes. The success of molecular processes on FFPE tissues and the factors affecting this success are well understood and the differences between cytological preparations are striking.
Fixative-preservative fluid: Long-term storage causes DNA degeneration and protein antigen loss (76) . However, the fixation method is especially important for nuclear antigens over the period of storage. Liquid-based cytology is used in gynecological cytology and is also an appropriate source for molecular techniques. Cytorich Blue and Cytorich Red used in liquid-based cytological methods in various studies have been found to be more effective in the protection of DNA that ethanol and formalin fixation (77) .
On the contrary, there are publications reporting better protection of DNA by Cytolyt fluid compared with Cytorich and ethanol (21,78). Preservcyt (Cytyc Corporation) is a similar fixative and is an effective agent for long-term storage and protection of nucleic acid for both RNA-and DNA-based studies (79-81).
Preservcyt and Cytolyt solutions are methanol based.
Cytorich contains formaldehyde at a rate of less than 1%.
The poor results with Cytorich Red can be explained by the presence of formaldehyde because formaldehyde can degrade DNA and lead to modification by cross-linking cytosine residues (82).
It is reported that isopropanol-based sprays used in the rapid fixation of gynecological cytological smears are similar to those fixed with ethanol in the preservation of nucleic acid and better than those dried in air. It has also been shown that liquid-based mounting media maintain DNA better than xylene based ones (78) .
Method of cytopreparation:
Various cytological preparation methods are available, each of which has advantages and disadvantages. These methods include liquid-based smears, cell blocks, and direct smears.
Liquid-based studies are a popular method for the detection of high-risk HPV in cervical cytology and can be studied from aspiration, exfoliation, and lavage from the thyroid, pancreas, breast and other areas. The material obtained by scraping from liquid-based smears is a successful source for molecular tests (83) (84) (85) (86) (87) (88) (89) (90) (91) . The advantage of liquid-based studies is that they can be easily applied and put into protective fluid after obtaining the sample, which is necessary for the protection of the nucleic acid, immediately. Furthermore, protective liquids used in liquid-based studies do not cause the problem of DNA degradation in formalin-fixed tissues (92) .
The cell block is the best studied and understood specimen for DNA extraction applied for in situ methods and molecular pathology analysis, with similar preparation to surgical specimens and biopsies. One common belief is that a cell block can be preferred to biopsy materials for molecular testing. However, it should be noted that the tumor cell ratio can be low in cell blocks even if the total amount of material is high. Tumor enrichment such as microdissection can be applied to cell blocks as for tissue blocks (15) .
Although the tumor amount of cell blocks prepared from fine needle aspirations obtained from the lung, pancreas, gastrointestinal tract, soft tissue masses, and similar tissues is very small, clearly successful results are obtained (1, 18, 29, 31, 32, 85, 93, 94) .
Cell blocks have similar advantages to liquid-based samples. However, a common disadvantage in both the cell block and the liquid-based specimen is that material adequacy cannot be determined immediately. Finally, cell blocks are also exposed to effects such as degradation of the nucleic acid quality that affects the success of molecular tests because they enter formalin fixation and are embedded in paraffin (95) (96) (97) (98) .
Because of the ability to readily assess the adequacy of the sample and the high quality of nucleic acid, the direct smear is the best material of cytopathology for PCR based studies. High-quality nucleic acids can be obtained for molecular tests, even for archived specimens in both PAP stain and Giemsa stain, which are the two most common stains applied to direct smears (9) . Remarkably, the nucleic acid obtained from cytological spreads is of better quality than that obtained from FFPE tissues. This reflects the difference between alcohol fixation and formalin fixation (15) .
Staining:
The stains applied to cytological preparations can also lead to differences in the genetic material extracted. In two studies comparing FFPE specimens with H&E stained cell block, PAP stained smears, air-dried smears and thin prep liquid-based smears, PAP stained smears showed the highest success for molecular studies (78, 99) .
Under this success lies the PAP staining mechanism. Giemsa and PAP staining, which are the two most frequently applied staining methods for cytological preparations, differ in two ways. First difference; while the Pap smear is fixed by alcohol, Giemsa stained preparations are air dried. The second is that the PAP stained smear passes through the hematoxylin staining phase and Giemsa stained smear does not. In addition to the belief that DNA protection power in this area is mainly due to alcohol fixation, there are reports that hematoxylin stain is also effective on genetic material (100-102). On the contrary, there are publications reporting that Giemsa stained smears are more successful than PAP stained ones for the extraction of genetic material (9).
SPECIAL MATERIAL: BONE
The effects of decalcification on nucleic acids are known and generally make molecular processes impossible. There are several different ways to reduce this negative effect. Soft tissues can be separated from sclerotic tissues and placed in different blocks. In most bone materials with metastatic lesion recognition, the tumor part usually does not require decalcification because most tumors damage the bone structure (103, 104) .
Another approach is to ask the clinician to apply FNA as much as possible to bone lesions. FNA samples usually do not require decalcification procedures. In a material that has been decalcified in an experimental study conducted in Colorado University, it was reported that as basophilia increases in the bone trabeculae, the reliability of molecular treatment also increases. This is related to the eosinophilic appearance of the fully decalcified bone trabecula while basophilia reflects less extensive decalcification (103, 104) .
Different decalcification methods also affect the success of the molecular process. For example, in decalcification with ethylenediaminetetraacetic acid (EDTA), more successful results are obtained in molecular processes than in those with a strong acid (103, 104) . Despite this success in molecular processing, EDTA decalcification is not a widely preferred method. This may be due to longer decalcification time, more frequent solution exchange and higher cost. Successful molecular studies carried out in decalcified samples with the development of technology are reported. Especially in bone samples that were decalcified with formic acid-based agents, molecular pathological analysis can achieve up to 73% success with NGS (105).
TISSUE SAVING
Pathologists want to see a full cross-sectional aspect in order to give a tissue diagnosis. This means that the tissue will be shaved until the full cross-sectional aspect is obtained. Especially when more than one tissue is placed on the same block, even more shaving can take place because of the difference in depth. For this reason, it is recommended to place one core per block in tru-cut biopsies and put them in blocks of 1'cm in length if the cores are too long (3). In materials consisting of small pieces, no more than 3 pieces should be placed per block (3). Sections of a tissue up to a full cross-sectional view can be a suitable source for molecular studies.
In most pathology laboratories, many techniques are applied, such as "pre-cutting" with the aim of protecting the tissue as much as possible. For this purpose, unstained (14) .
If only the FNA sample of a patient with a known diagnosis is sent for molecular examination, the cell block should be prepared immediately and the shaving should be limited as much as possible (15) .
TUMOR ENRICHMENT
If there is something more important than the total amount of the sample, it is tumor cellularity defined as the ratio of the nucleated tumoral cells to the nontumoral cells. When this rate is low, it is called tumoral dilution. Therefore, samples that are small but contain many tumor cells are useful for molecular processes compared to a large sample containing few tumor cells.
In these cases with limited material or in materials with a low tumor cell ratio, tumor enrichment should be performed. Tumor enrichment is an important step in the study of molecular pathology because most molecular pathology studies require a minimum tumor/non-tumor cell ratio (3). For cytology samples; tumor enrichment is usually a necessary procedure, often performed under a microscope by scraping through the smear or block (6) . The most commonly used methods are macrodissection and/or microdissection. Tumor areas are marked on the H&E stained sections in macro/microdissection, the most common method that most of the histopathologists prefer. Taking this cross-section as a guide, these areas are scraped from the relevant block ( Figure 1A-D) . Macrodissection is sufficient in some large samples, and detailed microdissection may be necessary for specimens that may be considered particularly small and insufficient (3) . If the tumor is heterogeneous, it may be necessary to mark multiple sites in multiple locations (4) . As an alternative to macrodissection, a 1 mm punch can be taken from the marked areas or microdissection can be performed using a tissue counterstain under a stereoscopic microscope. Aisner et al. stated that they used a stereoscopic microscope with 10-micron sections for microdissection in their lab and while 3 or fewer consecutive sections were sufficient for microdissection in resection specimens, a larger number of consecutive sections might be required in smaller specimens (3) . A laser capture microdissection method is also described (Emert-Buck et al. 1996), and manual microdissection methods are being investigated and improved (7). However, laser capture microdissection is used mostly for research purposes and is not routinely applicable in molecular pathology (4).
Wu et al. (107) compared the cell transfer technique (CTT)
with conventional dissection methods. This technique is based on the marking of the targeted area and dissection with a special medium poured over it (Mount Quick media (Daido Sangyo, Tokyo, Japan). In the relevant study, the DNA extraction method was used for all samples. The agreement between the conventional method and CTT was 81/82 (99%). The authors suggested that the CTT is practically similar to laser microdissection but easier and cheaper. It is easily applicable in every laboratory and does not require special equipment.
THE ESTIMATION OF TUMOR CELL PERCENTAGE BY PATHOLOGISTS
One of the reasons for the failure of molecular pathological processing is the incorrect estimation of the tumor cell ratio or number. The interobserver reliability of the estimation of the percentage of tumor cells detected in pathological material varies widely among researchers. One of the main tasks that fall into histopathology evaluation today is to estimate tumor cell ratio, which is influential on the reliability and success of the molecular work to be performed (4) . Comprehensive tumor cell counting may possibly yield more reliable numbers, but it is time-consuming. Today, in these cases, rough estimates are often used by histopathologists, and the clinical effects of these estimates are not well known. Lhermitte et al. (8) performed a study with 40-50 investigators, 10 H&E virtual sections, and 20 H&E conventional sections of the lung and colon tumor specimens. The difference between the lowest and highest tumor cell ratio was found to be 66%. This demonstrates the difference between evaluators in tumor cell counting. The most variable samples usually occur in specimens containing dense lymphocytic infiltrates or a mucinous stroma. In a study where the tumor cell ratio was below 20%, this difference was shown to be greater (108) . Macrodissection had a reducing effect on the differences between tumor percentage estimations. The reliability of molecular studies increases when tumor cellularity is predicted correctly and especially when heterogeneous tumors are microdissected (8) . In practice, how can the accuracy of the tumor cell count be increased? Since tumor cell nuclei are larger than other epithelial, inflammatory and stromal cell nuclei, it would be more appropriate to calculate the ratio of the tumor cell nucleus to the nontumor cell nucleus instead of calculating the area ( Figure  2A ,B). Making counts through immunohistochemically stained sections can be effective in separating these two cell populations (108).
Travis et al. (106) suggested that tumor cell rates should be calculated by automated methods. Although the effects of over or undercount in most pathology laboratories are unknown, it is appropriate to set up previously known sets of tumor cell numbers and practice on them (108) .
MATERIAL REFERRAL
If a material is referred to an external center for molecular examination, it should first be ensured that the laboratory to be used has national or international accreditation. It is important that the laboratory participates in quality assurance assessment once or twice a year (109) . is referred, immunohistochemical and histochemical stained smears may provide an additional source of genetic material. If there is more than one material belonging to a patient and it can not be decided which is more appropriate for the molecular tests, it would be appropriate to send all available materials (3) . If the pathologist is not familiar with molecular pathological analysis prerequisites, it would be the best practice to send all the available material including cytological samples to a center with molecular pathology facilities.
REFLEX TESTING
In most centers, molecular testing is requested by the clinical team, especially by the oncologist. However, a pathologist or cytopathologist who has information about the stage of the disease may be more effective in applying molecular tests reflexively without the need for a request by an oncologist. The reflex test reduces cost as well as time loss and prevents possible delayed treatment (110) . In one study, it was shown that the reflex test reduced the Mean "Time To Treatment" From 36 Days To 26 Days (111).
WHAT IS IN THE FUTURE?
Along with the increase in targeted treatment options, the number of molecular tests applied to establish treatment options is also increasing. Molecular investigations in large panels, especially in lesser quantities, reduce the success of the studies. For this purpose, it is important to develop various platforms, especially NGS, which simultaneously detect multiple mutations in the same sample (112) (113) (114) (115) (116) .
Moreover, the specific sample requirements of NGS and fully automated platforms force pathologists to develop new methods of preparing specific preparations. With the technological advances in NGS, allele-specific real-time PCR technology is also developing rapidly. NGS provides pathologists with an advantage in the reliability and the availability of materials that are valid for cytological specimens.
NGS is a validated technology for both tissue biopsy and cytology specimens. Metastatic lesions may have different characteristics from the primary tumor, and biopsies may not give an idea of all of the tumor due to tumor heterogeneity. This can lead to mismanagement of the patient (117) . Although the studies started 20 years ago, liquid biopsies, which have accelerated with the development of NGS technology, may overcome these contradictions (118) . Although CTC studies are generally performed on carcinomas, studies on primary brain tumors have also been reported (119) . Today, ultra-sensitive technologies have been developed that can work with DNA fragments at very low concentrations (120) . Some of these technologies are based on the segregation of malignant and benign tumor cells cytomorphologically from nonhematological circulating cells (65) (66) (67) . Methods based on size-specific discrimination of epithelial tumor cells are also used (65) (66) (67) . A new approach is to work with xenograft CTCs by producing CTC-derived transplants. In this way, we can have options such as testing the treatments or having information about the mechanism of drug resistance (121, 122) . CTC assays can provide reliable information on 
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prognosis as well as help to identify new therapeutic targets. Obtaining genetic material from both the primary tumor and metastatic deposits at the same time may be of benefit in our understanding of tumor heterogeneity (123) . At this stage, sequential administration of CTC analyzes before, during, and after treatment can provide information about tumor progression and possible resistance mechanisms (73, 124, 125) .
CONCLUSION
In summary, the success of any molecular process depends on many factors. Standardization of preanalytical protocols at this stage is both successful and increases reliability. These protocols include communication, testing, sampling, fixation, tissue handling, staining, tumor enrichment, DNA quality and quantity determination and storage. Each of the molecular laboratories needs to standardize these protocols depending on their capabilities and capacities. Pathologists and cytopathologists working at centers that cannot perform molecular examinations must establish common protocols with molecular laboratories regarding material referral.
In recent years, with targeted treatment agents beginning to be used in traditional treatment, molecular studies have become a must for pathology. The awareness of expert pathologists, cytopathologists, and other pathology laboratory staff about the importance of the relationship between histopathology procedures and the performance of molecular techniques will reduce human-induced errors in molecular pathology analysis. 
